ABSTRACT-Outcrosses between high tumor mouse strain DO and low·lncidence strains BALB/c and C57BL to produce reciprocal Fl susceptible offspring of both types resulted In high Incidences of mammary tumors In (DO 9 x BALB/c O')Fl and (DO 9 x C57BL O')Fl females but not In the reciprocal hybrids with DO as the male parent. The finding that transmission of murine mam· mary tumor virus (MuMTV) in DO was through the milk, as most often observed in mouse strains, further supported the unique· ness of strain GR in which MuMTV is transmitted by either parent. -J Natl Cancer Inst 59: 1553-1555, 1977. The transmission of classical MuMTV in mice normally occurs by milk during the period of lactation. This effect of nursing led to the discovery by Bittner in 1939 (1), working with mice with high and low incidences of breast cancer, that a "breast-cancer-producing influence" was being transmitted in the milk by mothers of the high tumor strain. Known variously as, for example, milk factor or Bittner agent, it is now commonly referred to as mammary tumor virus-MTV or MuMTV. Since Bittner's discovery, variants of MuMTV that possess different biological properties but are similar in morphology have been demonstrated (2). This prompted Bentvelzen et al. (3) to devise a nomenclature characterizing the lines of MuMTV's found in some mouse strains.
MATERIALS AND METHODS
Strain DD (6) was brought to the National Cancer Institute, Bethesda, Maryland, from Japan in 1957 by Dr. Y. Tsubura who was then a guest worker in the Laboratory of Biology. The strain has since been maintained by strict brother X sister mating and was highly inbred before being used in outcrosses for this study. The mammary tumor incidence in DD breeders is 84.3 %, with tumors occurring at an average age of 7 .7 months.
Strain BALBI c, chosen for out crosses to DD because it does not have milk-borne MuMTV, has a mammary tumor incidence of approximately 20%, with tumors occurring late in life (7) . Many of the tumors are small adenoacanthomas usually observed at necropsy; however, a few malignant tumors that are readily transplantable do occur. BALB/c is genetically susceptible to MuM TV and therefore becomes a high mammary tumor strain after infection by foster-nursing on strains that carry MuMTV; the virus IS never lost.
Strain C57BL, also an MuMTV-negative strain, is genetically resistant to the development of mammary tumors. When the virulent milk-borne MuMTV of strain C3H is introduced by foster-nursing, a few mammary tumors are observed, but the virus is eliminated within a few generations (8) .
Outcrosses were made between strain DD and strains BALB/c and C57BL to produce reciprocal F\ susceptible females of both types. From the matings, 39 (DD 9 x BALB/c O')F\ albino females and 39 reciprocal (BALB/c 9 X DD O')F\ albino females were born, weaned at approximately 4 weeks of age, and maintained as virgins. Similarly, 45 (DD 9 X C57BL O')F\ agouti females and 29 reciprocal (C57BL 9 X DD O')F\ agouti females were produced; they were also kept as virgins.
Approximately 8 animals per plastic cage were placed in bedding consisting of pine and some cedar shavings routinely used to control ectoparasites. They were fed the open-formula NIH rat and mouse ration (9) and tap water ad libitum. The temperature of the animal room was maintained at approximately 25 0 C, and the room was lighted for 12 hours per day.
The females were examined regularly for mammary tumors, which when present were taken along with any other tumors for histologic study. The tumors were fixed in Fekete's modification of Tellyesniczky's fixative (70% ethyl alcohol, 20 parts; formalin, 2 parts; glacial acetic acid, 1 part), mounted in paraffin, cut at 5-6 /J, and stained with hematoxylin and eosin.
RESULTS AND DISCUSSION
As seen in table 1, 29 mammary tumors in the (DD 9 X BALB/c O')F\ females occurred at an average age of 13. 3 Laboratory of Biology, NCI. 4 Present address: 4940 Sentinel Dr., Sumner, Md. 20016. 5 Laboratory of Tumor Virus Genetics, NCI. 6 We acknowledge the cooperation of Dr. Ira Pastan and Dr. Benoit de Crombrugghe, and we thank Dr. M. D. Reuber who confirmed the diagnoses of some neoplasms other than mammary and pulmonary tumors. If the 1 mammary tumor in a (BALB/c 9 X DD 0')F 1 female, believed to have developed in the absence of MuMTV, is eliminated from consideration, transmission of MuMTV in strain DD was by the female only. This characteristic represents a difference from strain GR in which MuMTV is transmitted by either parent. Consequently, an MuMTV-free GR strain with low incidence of mammary tumor is not obtainable by foster-nursing. In contrast, strain DDfB, produced by foster-nursing DD on C57BL, does not have MuMTV and has only a 4% mammary tumor incidence (11) . A survey of other mouse strains with occurrence of mammary tumors reveals that the transmission of specific MuMTV's leading to infection is either through milk or gametes, but not by both routes as in GR. In the European albino strain RIll (high tumor incidence) (12) , which may also be related to strain GR, transmission of MuMTV is by milk. RIll carries the genes for black agouti and develops pregnancy-dependent mammary tumors; its naturally occurring MuMTV is similar in potency to the MuMTV's of DD and GR (13) . Transfer of fertilized ova from RIll to C57BL results in a strain RllIeB, with a reduced incidence of mammary tumors and the absence of milk-borne MuMTV (14) . The virulent MuMTV of agouti strain C3H (high tumor incidence), unrelated to DD or GR, is transmitted by milk and rarely by the male parent. In strain C3HfB, derived by foster-nursing C3H on C57BL, the mammary tumor incidence is approximately 40%, with tumors occurring late in life. The MuM TV of C3HfB is transmitted by gametes, and milk-borne infection is seldom observed despite the presence of virus particles in the milk (15) .
VLAHAKIS, HESTON, AND CHOPRA
The mode of vertical transmission of MuMTV in high tumor strain DD is by milk, whereas in the similar and possibly related strain GR transmission of MuMTV is accomplished by either parent. GR is therefore unique among mammary tumor-producing mouse strains currently used in cancer biology.
